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A SUMMARY

This i# “he report of the productivi=y 21hancement study

-~
of ﬁhe(fggofsoftwara develcpment effcrz. This study iz an

fe s
TVl

in«ial effcrt <o idesntify can’idate prejzcss for produ

(9]

-y improvementf; We do not aztempt a d3tailed analysis of

- -
[ ——

— -~
PMSO problems. 1Instead, we =ty to adopt 22 overvisyw Of the

arganizatiocn &rnd its sroblems zs <hey

fo
e}

p2a- tc outziders,

I+ is <he opirion of <

W

aythors that FYS) is welli mznaged
and +that employes morale is genarally gos3, buz taat =he cor-

3anization facss ssri

[0

us challsnges in Recth “he near tern

" anrd the lorng térn. Subs<wantizl changes will have %2 be mal=

in <he way the corganiza+icn does business <o keep FISO via-
ble in the future,
__~7The majcr recomnanlations In this repart ars:
1. FMSC should begin work 2n a Develspmsnt Tools Syscten

“hat will suppert ccmputer progrzamiag work, documer-
tation and scfiware managemen§5w This should be a
unified system (all parts of it can communicate with
other parts) but not recessarsily a single computer
systen.

: 2. Théwphysical faclilitjes a“« FNSO are oelow the recog-

nized standards for supportiag a sofitware development

operation and should be upgraded. /1 /¢ /( _— a oLl o
) -
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3. Some 2reas ¢ sof<cware managzsmens n23d “c te inm-

>
prcved.” Noj&hiy; A better project planring azd
1

ace.

aliy,

Y

@
W
1]
b
[}

tracking system a2s4s =5 b2 put in P

ed

s}

FMS0's sorf*warz management erfors 1s weil direc

The points ccversd in *his -apert acs

ffort.

W
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1. An ovarall view 2% =hs FUSO syst

roduc+ivi«y enhancirng
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ot
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2. A discussion of th

fcz+ +tha%t shzuld be 2232,

(2]

e
3. A proposal f5r -h2 imnstallation oI a Developmen£
Tocls Systen at Fi3C.
4. An ou*lines 2% <he facilitiez improvzanents <z
be mads <tc improva preductivity and zacourage contin
ued high employee amorals,

Prcjéct =stima+ing =echniques and =h2ic ussfilazss.
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Chapter 1

EACKGROUND

1.1 INTRODUCTION 10

L6}

uso

The Fleet Material Support Offics is an aausual Navy com-
mand. I+ handles a variety of responsibiil:zies £o- tae 3ug-
p.y Cosps, but mest ¢of Zi<s woerk is <o func+ion as 2 Carswral

J2sign Activity for varicus supply and Zinanczal ccapute:s

(o))

- In e

o}
i
()]

SV 3= €r Zsct, FMSO is thz information systens acam ¢f
JAV3OFSYSCCM. The major wission azsas €or FM3O0 arsz:

1. <Cen<ral Design Agency activi=zies.

2. Managemen=~ >f the Navy's E=zzail S=ock Furnd.

3. Opsrations znalysis ac-ivitiss,

4. Supply cperations suypport.

S. Internaticnal lszistics.
The CDA ac+ivisy consum2s 80% of F¥50's ra2sources, and i+ is

the arsa that we will be concerned with i

ol
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ma jor concern of this study is to focus o2 w#ays *o ilacraase
+he productivity of “he CLA activizy.
The major func*ions suppor+ed by the CDA activiiy are:
1. Uniform Automa*ad Data Processing Systems (UDAPS).
1) Uciforwm ADP System for Inventory Conirol Points
(UICP) .

b) UADPS Stick 2oints (UADPS-SP).

i STt WS IR AP
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c) level II/ITTI Stcck Poincs.
d) Disk Ocisnted Supply System (DIS3) .

2. Headquar*ers Financial Systenms.

3. Marnagemen+t Informa+tior Svstem fo- In=ecrnational Le-
gistics - MISIL.

4. Special Data Proc3ssiag Systems 2z jzc:

[

(9]

4) RMMEE - R2guisi+ion Material Monitcring and Expe-

dizin

Q

-

b) 1Tzidsn- lcgistics da=za.

) NALCCMIS.

d) NAIDS - Navy Autcma<sd Transportzazion Daza Sys<em.
2) NAVADS =~ Navy Auzoratad Transpozcaticn Documenta-

g) SPAR.
The list cf cesporsibilitias claced on 7450 is -mprzssive.
If i+ w2ze a private orcgeniza<ion, it would be a major scé=-

vare nouse Or CCHmp1%er company. With approxima=ely 1,360
2mpleoyees FMSC has a staff that is abou: 222 smallszr zhan
Apple Compuzter. The cmployees charged with “he CDA activizy
havae *o mair*ain a librarcy of compu=er systems censisting of
approximately 10,000 - 12,000 programs t2taling cn zhe order
5£ 20 millicn lines of ccde. In industrial terms, this sys-
“a2p library is about what one would expact <o find ir a ma-
jor high technolcgy company that smplecy2d acound 200,000

pecple. This litrary has been in developmeat fcr 10 to 20




years., Again, if induswrial yardsticks apply, *than i< is <o
b2 expec«ed “hat FMSO has spent between d>n2 and twe billiorn

dollars in developing this cods,

1.2 GENERAL EBOBLENS AT FASO
Scme of the problams that beset FMSO would occur in arny
infermation systems ¢go-oup in any crganizaticn. Information
systems activity is gsnerally a sezvice ac: This means
that o*hars in the crganization do no% -zé v azppracia+ts <he
prcblenss involved in develcpingy sofiwar: have lizzle
iiez about effective ways of decing it. Th 2XpEC~ “he szr-

vice *c be available when they want i+ and Ia the fzra <hacs

+3
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g-oup can develocr sericu
upper lsvel maragenrent and its cus=omers. I'h2 group has

li<

r

ls contrcl cver planning or rssouczce2 allocaticn £or it

0

[

acea, but it <tends tc ge+ tiamed foo everyzthing tha+ gces
#zcng., In FMSO's zase, this problem Zs r=z3a worse by =he
fac¢ct +tha< th2ir csuperisrs acze in wWashington, and thsir madjor
custcmers are spread ell cver “he globe. The ceputaticn of
“ha organizazicn suffers as a consequence €ven when its
problems are not of i+s own making.

Besides these general sorts of information systeas group
probleas, there is ancther set of problams that arises €fcr
computing groups working £cr <he government in general arnd

for the Navy in particulaz. During the fifties and sixties,

- L - F =




computers were 3ysnaraily Cecogrized as userful, bu< <h23y weros
very expensive and 3ifficult ¢ manage. As a zesul=, a2

whole s2+ ¢rf Zejulatiecns gIZew yp acocund thz use and grcocuacsz-
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Brocks Bill b2ing <he i+za nost

of«en ci<ted. Thz3 =2ffa2ct has bsen o zeguiza l1erngiiay justi-

2XDernsive acceszosias 2n the rachina. Thsc2 have besen “we

351 3e effac~s ¢f -hrs. The £i2st 135 <¢ a2K: nanagess zsluc-
=10+ ¢ precure esquipmnent even <hcuigh it may be of cansider-
able ren3fi< t¢ <Ths or-ganiza*ion. For <ha Liilviiual marnag-

“he papecrwcok reguired *o puzchase 2 compuzer instead

" ———
=
.l
o
15

of beirg atls +o &> *heir regular jobs.

r———

Anc-her preblem that affects F¥SO is tha Navy azti=zude

toward shore facilizies. There seems <22 be an unw-it+en

. policy in *he Navy that the ficst pricrity shculd be givern

<2 the fleet while shrere and suppor= facilizies ate

(o]
(&)

sec-
ondary importance. The socialization of Navai officers also
leads -hem to accept shore facilities that are less than

ideal. Shipboard life invclves a lot of crowding and dis-




e - e <« © o

comfort. No matter how bad a2 shore facili-<y may bs, =% is

likely to ke mcre comfortable and spacious zhan a shipbeozri

facility, Unfor+unately for FMSO, +he staniard of compari-
son is not shirboard software dsvelopment facilitias (if

-~here were such a thing). It is the numerous sofiwace de-
vzlcpment facili<ies springing up ali arc>und <he Harrisbury

acea. It will be ircasistable for FMSO znployses %o compars

j*3

<haziz wWotking conditisong with those available at places Liks
EDS and CACI.

Thes2 ccmments 2pply t¢ beta the physical plan<t zt FMSO
and to the compu=er systams upcn which iavelopaent is 2one.
Th2 computers £or which FM¥SO dces developmant woIk mus: be

among ths cldest currcently operating, This is a costly

For =a2 individual

pceopositicn frcea many pointg of visw
programmer, i+t is cos=tly because ne Zails behind techro-

unusaal breed. 0f all

1]
’_l
fo1)
(o]
[
I
8

logically. Compu:=r verscnn
~hz prefessicrs, <hey nhold professional d:zvalopmens in high-
est rega-d. This is navrural corsidscing that computer %tsch-

nology changss rather guickiy, and tha: any individual who

[

2lls behind is likely to £ind himself out 2f a job. FHSO
has derne a gocd jeb Zn making p-ofessional davelopunens
wraining available to its s=aZf. This is probably 2 major
reason for the remarkable loyalty *to the organization we cb-
served there.

There are other problams in t¢rying +o d2al with older

“achnologies than jus*t personnel considsrations., Both the




equipment and d=sign vhilosophias for operating systems have
changed ccnsiderably siace FNSO's equipmert was inszazlled,
Magnetic tape criented systems for data processing ars ncw a
<hing cf the paszt. Magnatic “ape is cheaper than disk, bu=
its us2 requires a grez* d2ar of opezator Interven<=ion.
Tha2-e ar2 too many chances for 2rror in tne use of <ape. 1In

iented zystem, the process of calliag f£iiss and

w
[}
.l
n
»
(o]
(3}

s done automzzically without human Inter-

[

se<<ing up jots

cheaper in the lzng rua.
The same is truz oI ollier opara+ting syst21s. Such sys-

+ ven=icn. Thi

]

ms generally calle

o
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o
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w

>pened up mo-e ciraac2 ¢f error. The newsr pailoscphiss in
opera*ing systems call IZor "programming <he idict cut of +h2
lsop" - =ha% is, dssigning th= systsa sd that it rar=sly
callis on humans Zor d=cisions. A final poiat iz the opera-
“ion of older systaams is the main<enance problam. As a sys-
“am ages, th2 manufac:uarer of the system bacomss l=s35 intec-
ested in perfcrming software snhancaments and upda=es. He
na<urally wants so concentrate on newer products, and ever-
=1ally <he softwarz o2 the older system becomes obsolete.

If ~he customer does not upgrade his hardware, he gets lef*

bahind in the evolutionary process of sysctea development.




1.3  PROBLEMS IN BEACHING A SOLUTION

The problzms aen<icned 2bovs combine ¢9 make lcng =ernm
solutions very difficul+: in this envirocamen:. Acguisiticn
of rew computer systems or the instizution of long range
changes can take years in the Navy envicozamen<. An axaapls
of this Is the ICP Resolicitation project. This nas besn
underway for about eigh*t years now, and th2 fizst machine
should come or line in 1984 (if all goses well). This is an
unconscicrably lcng <ime fcr a systems change. In an izcdus-

«-ial saviroment, this should <aks no mcrs <haz a y:2aT with

ot

iloa.

t

-
(%

only a fsw @acn<ths speat o1 *ae stady

U

A coitic of FM3D0 might argue that this only proves <ha+t

<he machines werz inec and that +%h=

1]
7]
7]

ary in *he £irs lac

s
ot
Mo
w

governaent has saved izself s2ignt years 2f Computser sxpense

by staying with zhke cl3i a2quipmen<. This is all gii

ct
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The machines aze "unnz3cessary" in the s2as
1iways ancther way to 3o a =zomputer job. Ia *his case, the
computer savings ware Jeneratai at the 2xpanse of parscnrnel
costs, project dslays and degraded s2rvice for the naval
supply systen.

Unfortunately, the personnel costs 3o not get charged off
<0 specific infcrmaticn prccessing systams in quite the same
way as a computer. If they don't appear on anybody's bottonm

line, than there is a tendency to regard thesa costs as not

being real.




The Univac 495's <hat NAVSUP uses %o manage *the ICE's
waTe obsolescen* whan the system was iastvalied ian 1965. By
now, they are hopslessly out of daze. #Whaz this maans is
tha* tecause ¢f *the Navy's "can do" at+ituds, these nachines
have been kept going long past “heir useful life. The price
£or this is mcre operaziocns parsonnel, time spsnt on sys<ems
da2velcpmernt and changes “¢ the opsrating syster, and <iame
spent £ine tuning FMSO's applications to g2t “he most possi-

ble "bang pex buck" ou: of a Univac 494, DTherz is lit=zl

»

doubt <ha* ICE's U~ivac 49U's have bsern za2338 =0 zhas

«t
19 4
il
<

W
o
[
t
w
bas

are cperatiag more efficiently (whers efficisncy is 22

in compu-zer zire cnl than any Univac 494 's i histcry.

~

#1y anyoae Would want o dc such a <ainy Is anothert ques-

The Commanding Qffizer cf FMASO faces several significant
challengss., Thke organization has some -2al long range prob-
lams. These inclule sys<ems upgrades, iaprovsaments that
reed <o be made to take advantages of naw ta2chndslogiss and
imprecvement of *he physical environment. The steps we re-
connend 0 solve some of these problems ar2 going +o gener-
ate short range chaos. A CO's tour of duity is only *wo
years. If a new CO came in and acceptel all of our recom-

nendations on the first day of his tour, than by the end of

his tour FMSO woull b2 in a much amore disrupted state than




when he 2ook over, 1In fact, the same would probably be <ru2
of his successer, 224 i+ would act be until %he 4hizd CO irn
~he sequence *tlra-= we would begin to sec payoffs frcm some of
<he productivi+y measures we will recommend (abcu: five
y2ars ou*). FMSO is already engaged in 3 number of steps =0
sdlve the problem arz2as we cbserved. Things ssemed to bz
moving in pecsitive directicns and <he managsaent was well

aware of +he challsngss facing befcrz tais C2p>rt was writ-

t2n.




Chapter 2
APEFROACHES IN IMPROVING PRODUCTIVITY

2.1 INTRODUCTICN
There are sany possivle app-oachs *o improving preduc<tiv-
i“y in sof*ware devalopment. There is nd an=2 magic tachni-

que that will guaran<t:2 resul<s under all condiziscns. Tae

(Y

£

acst affsctive technigquss to apply in Zaproving productivisy

will depend on <he cu

*~
-

[11]
3

+ s=azi1s o0¢€ the tzganiza<ion, its

-

~2vel of experti

n
18}
s

€ a the ty

Y
)

of systems and management

anvirenment ir which it operates. In addizion, *the ap-

ot

in «he li:=2:a

vz

o3
(1]

Q

..l.
(2]
m

proaches +o preductivity improvamsnst ¢
~end =c be in*ercdependaa+t. They cannot 0: applied separate-~
ly or piscem=2al z2nd have any chance of achieving success.
Por example, mcdera softwars managemsnt t=chnigues canno% be
used eff=actively in an antiquz coamaputing enviromens, Most
of the productivi+y improvemen< tzchnigu=s are highly desfen-
dent upon in=eractive computing enviroamants, sophisticated
developmert tocls and <hg ability to transfer both dsvelop-
sent ccde and admiristrative 3ata quickly among the individ-
vals involved irn a project. On the other hand, high tech-
nology by itself is no guarante2 of a productive
environment. A praoductivity improvemen: program needs a

vall though® cut managm2nt plan ccabined with the latest

o s e ——— et




«2chnelogy. In <his document, we will try zo lay out <ke

aspects of a produ+ivity enhancement progcam for FNSO.

2.2  PRQBLENS IN DEFINING PRODUCTIVITY
o

The first problam with productivisy in a software envi-

Qs
[l
(o]

ronment i deciding what it is., This may sound odd a irs¢
because everycre thinks that zhay knov wh2t produc*ivizty is,

In a manufacturing environment such as “he autcmobile indus-

=7y, i%* is net tco hatd t¢ come up with definizions £or pro-

¥

ductivity., An au*smcbile is a tangible itez. It 22

<

3
]

ct

works, or it dces not. + is built from components =hat ars
2asy ¢c cost cu* and a cost Zor its produczion caa bes com-
puted fairly readily.

In sofrware development, this is rot the case. It is
hard to come tc some sort c¢f s0lid analysis as <o just whas
15 beirng produce?d by programmzsrs. Iz cns ssnse, = is not
00 differen+ frem the case of an automopile. Programmers
produce programs, aand these programs either work, oz they dc¢
19t. Bu* each precgramaer werking on a systam produces ornly
a piece of it, and «hece is no set stariacd for msasucing
wvhat “hese rpieces are. The measure most comaonly used in
industry is lines of code. All we Lave %> do is count tha

lines of ccde procduced by a programaer, and divide that invo

the cost c¢f supporting the programser, and we have 3 produc-

tivity figure that we can use.




Bu+t when one begins t» examine both the publishad li<era-
*ure and the pessibilities available in “he defini<icrn of
lines of ccdée, crna's confidence in <his measurs begins +*c
slip away. For instance, wha+: do0 you couat? Is every con-
m2nt line in a pregraam counted, cr do w2 only couat sxecu<a-
ble coda? DO we ccunt the lines ir a program That contain
commands tc <he cperating system, cr do wa 21ly wcrry abous
+he scurce larguags ¢ode? wWhat do ve do about code *hat has

besn produc2d Z¢: anochar systam and has b22n ce-used for

ot

=
1S

D

systea that we ar2 trying =3 analyzz? CTan we c¢coun+t ccds
*ha* kas been produced by & prograim gen2rz+3r? Th2 list of
possitls questiors is almest ardless.

zeply te <his is that i< dces nct really maks =co |
auch difference. All we have to d4¢ is casccse some reason-
abple measure and stick with i+, 1Ind2ed, this is what nmost
scganizazicns do. 3ut, *his dozs mak2 it hard to compare
9roduc+ivity acronss organizations. I* is not uncommon tc
find "produc«ivisy"® differences the*t ars almost an crder of
magnitude apar+ ir comparing =wo diffzrant scfiwaze crgani-~
za“ionst. 1In mary cases, much of this 1iffzrence in produc-
tivity comes fror differences in the counting ccnventions
*hat are applied to computer ccde. It would be a mistake o

accept these differences at face value as t-ue differences

in productivity,

! See Barry Boehm, Software Epngineering Economicg, p. 86 for
a table listing the different effort models and a brief
compariscn cf the nuaber of man-months pradicted by each
for a softvarte development project.
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There are cther possibilitiss fcr measuring thz sutpu=- ¢+
a software effeort. It is possible to d3fine <he basic €unc-
<ions perfermed in a program, and then Sount prodactivity as
namber of functiorns implementa2d2. Arnc<har possibilisy would
b2 *o count number of programs released. Both of <hese are
somewhat grosser measures than lines of code, ard in =heir
own way, they carn be as hard to iamplameact. No mactrer whas
mzasurs 1s chcsen for productivi4y i: 21 organiza=ion, cacs

should be taken in its aprlication. On2 4

(6]

25 not want +o

o
v
[t
ot

come up with a measurs that s2ncouragss beshavio:s

counterprecductive. For exampls, if one :ch lines of

(9]

23

]
[7]]

code as a measure then checks should be amade from <ime <0
~ime %0 make surs that tais is not encouraging prog-ani=rs
<o use ccding technigues tha: maximize lines of ccde. Siai-
larcly, if cne checes2 programs relsased as a m2asure, “hen i<
would be to 2 pregramming team's advartags Tc crly <oy <o
work on short, simple systems. This would bocst =<heir "pzo-
ductivity" measure as defined by +he organization. Whatever
measura s chosen, 1¢ should be appliaé wicth common sense,
examined frequern*tly ard ccamparad with ozhsz: ameasuces of prc-

Juctivity. Slavish adherence o ar inapprop

"

iace productiv-~
ity measure cculd dc more damage to rzal productivity than

not paying any attention to proiuctivity i+ all,

2 Por an exaaple of this approach, see *he article by A. J.
Albrecht, "Measuriang Application Develcpmant Productivi-
ty".
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2.3  PRIQORITIES IN IMPROVING PRODUCIIVITY

In improving programmer productivity 3+ FMNSO, we have a
Zsw problems because there is ro cur-en<ly accepied defini-
“ion ¢f prcductivity in place at F¥SO. This means zhat we
could institute programs fcr productivi4y iaprcvemenzt, but
we havée nc way c:I measuring how well these programs parfora.
One approach tc this precblem would pe =5 s2t up some produc-
tivity measures, gathser Ja+a and use this 3Jaza as 2 berch-

maTk for future rroductivi*y zrhanczmens mszasures. de feel

(o0

caat *his wcald re 2

{

ad agprccach. The crchblszms thae FMSO

nas ars seriocus enough, ané “he organi

N

1t01 is encugh be-
aind the cuczen< state of the ar+ in informa<+ion sys:tems
tzchneology <ha< we feel +“hat certain ms2su-2s must ke taken
withcur delay. In setting up 2 preoductiviiy Zmprovemant
program at FMSC, we fegl that the following areas should be

considersd (in ozder cf pricrity):

-
L]

Auzcmation 2% <he gystams Sevelepaznt DIUOCEsSS.

2. TIaprovemert ¢f the physical envirorment at FMSO.

3. Developrent of a system of prcductivity ceasursment
and data gatherzing to support %his systen.

4. Development of a system for proj2=% planning and
tracking based on the productivity measures devel-
oped.

5. Continue the work on a set of automated development

tcels 4irn support of the systems davelopment 2ffors.




All of these problems are serious, and to a cer*ain ax-

[

-e2nt, *hey nmust &ll be attacked simultansously. Wz fezel,

however, *tha+ the automaticn of the scf=warce devel

|9

pm2nt
process is *he mcst important issue “o be solved Za ths near
term, The highest priority should be givsn <o ths acquisi-
<ion o0f 2 development tcols system to aid in bo=n software
develcpment arnd rroject maragemant. A 2ajor problam at FMSO
is that development tazkes placs orn "*es: bed" mnachines.

Such machines zze set up t¢ me2t th2 needs of the organiza-
=icr for which the software is peirng Jevslop=2d. They do no-=
have *he full set of sd>ftware aids <hazt onz2 weculd =xp
a modern scf-ware devalopment faciiicy (sophiszicatzd t2ax<

siitors, in*sractive coapilers, £fils +tranzfer proxeccols,

w

m2ssage handling facilities, and wecri procassing =~e2x+ fco-
m3tters). These *o0ls acte no% necsssary £or *the ultimate
nissicns of “hese test bad machines. Howevsr, *hese au4o-
na<ed “00lis are very =ffeactive fcr scfzware davelcocpment arnd
project managemernt. Furthezr, because th2 develcpment ma-
chines are identical <2 the sctual oroduction machaines, *hs
tenptation ¢to pre-emp* 3evelopment activity if one of the
prcduction machines is down is very stroag. The immediate
aceds c¢f users naturally have a higher priori+y thaz loxng
term develcpmer* projects, and this can casult in slowdowns

in development., The "test-bed" machines are ac+tuallvy the

produc-ion machines ¢f the development groups, but users

«end to overlock this. It must be recognized tha: software




davelopmernt is a highly srecialized ac:tivity, arnd

ageds its own production facility.

- -
-
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n why

O

Ther2 i3 no reas

tho developmen* system has to be <te sams machine as the cre

for which tte scftware is being develop23i. 1In fact,

svel

[o 1)

2ping <hs software on a different machine could ac<nally

s2rve «0 make the cods more -sadily portanle.

2.4 THE CASE FOR A DEVELOPMENT TOOLS SYSTENM

The da2velopmernt tccls systen should servs bozh managseme

and programmsars. It is hazd <o sepaca<t: <he nceds of the

precgram

foz=.

mers and <he projesct managers f{n a larges scf«ewzre e

If any+thirg, the larger th2 softwirs efforc, the ac

<ime and effort will te spernt in managemsnt aand documsenza-

~ion issues. Tor

consume
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2bcut 30% =f <he effor+., The r2maining effort is

spert in dccumentation, martageaant and cooziinacion of thre

diverss
<ocles s
needs.
sappers
1.
2.
3.
4.
5.
6.

2lemants making up the system. Any developmert

ysten inplemen<ed shculd be able t> support =hsse
A unified development =50ls sys<em should be able
these functional areas:

Development documentation.

Prcdect managerent apd +«racking.

Budge+ing.

Prcgram coding.

Program testing.

Database develcpment and program test Jata.

n<

<0
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7. Quali+y assurance.
To those used to clder gersrazions of eguinment, This nay
sound like an ZImpocssible list of <asks oz 2 singls compuz-
ez, In fact, this list is the rule -ather =-han ths excep-
“iorn on mcdeczn large ssale computers. Most mainframes offsr
3 wide varie<y of tools that will suppcrt <hisz type cf envi-
-cnmens.

The procasscrs neelied to suppor+ sys-ems dsvelcpmen+t in-

clude:
1. In%tezactive congilers., _
2. Llanguages with stoing processing czpiollitize, §
3. T23x+ processing packagss Zor ZIcopztaing documsznta-
. tion,.

5. Screen criented tex= giitoers for manipulating beth

7. Packages for dcing statistical analysis.
8. A graphics system fcr producing ldocuzmentaticn and

managedent reports.

9. Autcmatic typeset facilities £for producing "clean"

documentation and reducing printing cos<s.




.

- -

A Y

The idea is <he+t a develogrment system shouli suppec+ 2 wids

(22

variety c¢f both compu=er rTelat=d arnd amanageaent rslztzd ac-
<iviti=ss. Some may okbject to the propcsal tha: tsxt pro-

czssing atilities shculd be included on =}

W
fu
Ww
<
o
=7} [ o
O
el
(=}
‘D
(e
ot
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4
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z2m. Th2 coun<er a-gumen+* would rcun - "de alirea

ing systems. Ths Zeva2lofpment sys+t=m wculd be used 0 =is
<cgetheT a nuntezr 2f Zifferert applica=i:cns, 2nd wczd prec-

<3ssingy weueli ke ¢ne ¢ then. I+ g vsry convenians anid

prccessing on *he 33me machiné. FeI one +%hing, iz z2llows
you to tike ths cutctus of 2 p-ogram, TefsZaax it znd use Iz

an c¢rdinary werd processing syszsn bacause 1t involves re=-
enxzzy of datz tha*t was alceady generatel DY ths CoOmputer
anyway. The strategies for bauiiding a development zZys=en

il

b

discussed in Chapter 3.

Almos* as impcrtant as the acgquisition 0f a develcoprent
t00ls systen is improvemen*t of the prograaming enviroamernt
a< FM¥SO. Thes preseant facilities are inadguate £for any type
of clerical wcrk, particularly computer programaing, FNSO
:s housed in an o0ld wvarehouse building. The space inside

“he building iec broken up using shoulder heigh:t partitions.




These partitiors are of the old~fashionzd sort tha=< 4o nc+*

provide much sound insulation. The building izself is ncisy
and pcorly air ccrditioned. This is ths worst environment

for software prcduction that we have evar szen.

The present facili-zies provide about 50 squace feet of
£ioor space for each employee. In the computer industry,
100 squace fecet is considered normal3d. ?2regranming is arn
activi-y that requires scaewhat different types of office
spaces than a cther clerical jebs., The by-products of com-
p1-eI programming (listings, siz2ets c¢f Joapaics ou=zpus, man-
ual iibraries) *ake up a3 grea=x deal of wiork space and s=or- ‘

-

age space. T¢ use “ham effectively reguic-zs specially

designed work areas and sterage arczas. A pregramasr needs 3

d2sk fc- normal work, 2 work +*able wher2 he can spr=2ad ou+

listings or nctes for werk (evan with a n12r2 modern system

that de-emphasizes hardcopy, i will be 3 while before all

programmecs accustom <hemselvss to <his), a terminaal for 1in-

t2raction wi<h the ccamputer aad storage arsas Zor listings

and manuals. I* goes withcut saying that <his all should be

in the context 0f a physically coxfcrtable environmen*. The

air conditiornirg should be adeguate to th2 climate, and +he

sound iasulation shculd be good. 1In addition, thers have *o0

be conference facilities readily available for mee=ings cf

3 See “he description of the IBM Santa Teresa labs which
vere specifically designed *o support software develop-
ment. The refersnce is G. M. McCue, "IBM's Santa Teresa
Laboratory - Architectural Design for Sofiware Develop-
ment",
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project teams. EFrogran development for a large sys<enm is

n

rzlatively sccial activity, and this mesting space is rnzedel
£or the jok as well. The ccm2and se2ms %o be well awarz c¢f

the space problenms and is taking steps to -emedy them. Scas
of the proklsms will be alleviated in <th2 future as sys*:zms

work moves away from cards azd the floor space taken by card
files can te reclaimed.

The issu2 c¢f pzdgramming eavironment iz a1 imporzant one

and is addzressed iz Chapter 4. Trher2 ac2 no specifis eTuéd-
izs rela*ing grecgraamiag envizsaamsn+s =t socidcesiviiy.  As

w2 discussed earlisr, productivity measurss are ra*her zub-

b2y, and it wculd ce statistically dififizils to relate =pz-
cifizc productivi-y measures ¢ 21l cf tha possible variablss

=2 ernvironrmental dasign. S+=ill, i1f yeocur building layout is
sibstantially at variance with wha* .s ccnsidered norcmal iz
<ae the indus=try, then your programmers are likely %o no-

tice. FMSO is ringed by software houses (EDS, CACI and o*h-

2-s), aad thz program develcpment environments ther re

[{H]
'

likely to come a 1>t closer %-c industry norms thaz <hey do
a< FMS0. Eventually FMSO is going %o lose many of its bes*
2mployses to “lPese organizations becausz “hey perceive a
batter environment there. It is a tribute to the management

practices in place at FMSO that the employe2 morale is as

good as it is.




2.6 CONCIUSICHS

The observa<ions Wwe have made ir *his chap“ar shouid ccm=2
as no surprise. From our ceonversations with FN¥SO staff,
these are well knewr problems. They do 29o* sezm tOo be wids-
ly known outside the organization, however. We £ecel that

PMSO is a* a crucial point in its existszacs. It Las to e€i-

h

113

T improve its tachnical 2nd physical facilizies, cr it

rd}

+

i

=

1l czase being a viable sofzware dsvelopment organizaczichn.
The cptions are ¢itaer to improve <he facility or =o &abandon
it.
The precess of prcductivicy improvemsn: aust be at-acked
on sevsral fronts. The mcst important is the improvezens ol
~he techaical and physcial envicorment. I+ dces not maks

S®rse ts +ry *¢ Imlemant mcéern scftwars manigement =echrni-

ques iz a horse and buggy *“echnical 2nvirsnaenz. The im-

roved software manageaent techniju
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ccrment, but th2y will no« be as effsctive on a non-in-

X

1}
o]

v
tarac+ive, antique ccmputer systea. Aloag with the improve-~
asrt of the system, an accep-able m2asuce of prcductivity
nues be develcped and inszalled. All of these changas arce
evolutionary, and will take a good deal of <«ime. There ar2
no generally accepted productivity measureamenz technigues in

industry. The models usad tend to be tailor made fcr each

organization, and the same will be true £or FMSO.




Chapter 3

REQUIREMENTS POR A& DEVELOPMENT TOOLS SYSTEN

3.1 INTBODUCIION

Since the Levelopm=ant Tools System i3 fo be ias%alled in
a2 Navy environment, the f£icst <hing to consider is the pre-
cuzement cf zhis type of equipaent. To som2p0dy accus=cmed
to industry standards for sof+<ware, <he leail <imes for gov-

3-adent scftWace procur2Mments seem 2xcsusciatiagly long. Ths

IZP Resoliicizaticn =2ffor+t at FMS0O has psen jJoing on forc

abd

iJht years ncw, and ¢hes £irst nachiane has ys* to z:zrivs,

n indus=ry, eigh* years wcull be <the compla<e 1if= cvclie

[ ]

e

oT the systam from the first feasibili<y s:tudy to <he fizal

ispartu-ze c¢f “he systam at <he end 5 izs lifs. 1Ia =zhe

t

2ast, sucht long life c¢ycles have guarantzsd that the sguigp-
aen* will ke ctsclete when installed.

Par« of the problem is tha+ a grea*t d2al of economic jus-
~ificacion is cequired for a gcvernament procuremen*. There

is nothing wreng with this per se, but this ecgﬁ%mic jus+ti-

ficatation is always *=ied to a specific shopping list of
hardwvaza, and the vhole thing has <o go through many levels
of approval. Meanvhile, the compucer inlustry changes a+ a
rapid pace, and the list of hardware quickly becomes obosc-
le*e., It would be worthwhile %o coasidar the approach taken

|
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upgrades shaul

be used <. =ne acguisi=ion ¢ a Javelicpaent TO2is

furc«ioral capadilizies in +the Davslicpamant Tecols Sys-

<33 should incluie:

1.

Iateractive ccaopilers and debugging +<ocls £cr syszen
davelopment ia the major languages usad at FMSO.

This wculd be CO80L and peraaps FIRTRAN,

In<eractive languagas with gecod string procassing ca-
pabilicies for usa as =951 ga2nerating languages,
These wculd be nsed to generate data bases, and de-
velop automatad tocls for analyzing computer code
(structure and standards checkers would be two exanm~-
ples). Good candidate languages would be PL/I cr

Pascal.
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3. High speed tarmirals with full screen =2diting capa-
bility. 1Ideally, <*here should be a te-minal for each
pscgrammer.

4, Ar electreric mail system so “ha+< programs, dccumen-
tation and data could be routed r2adily among <he
z2mbers of “he development team. Such a sys=wa2m could
serve as the foundation of <he davslopment and man-
agement wcrk on FMSC systems.

5. A varie*y of management tccl aids such as s=atistical
packages (SPSS, Minitab), menagema2n= packages (2ERT
aad raper« generating packages (RAMIS II or FITUS) =»¢
aid iz contoclling +<he davelopment oI FMSO projec:s.

6. A sophisticated word processing capabili<y that would
izclude “he abilicy %o rformaz large documnenzs (<he
reguicements *eond ¢to be differer: zhan for small werd
p-ccessing syst=as). ZExamples of systz2ms o0f this
type would be Script or ATIMS.

7. A scphistica*ed graghics capabilizy for producirng
bo+h 3ccumentation ard management T 2ports.

8. An autcmatic *ypesetting system tied in with 2 hign
spead laser printer.

This is a formidatle set of rsquiremencts £or a single ma-
chine. A number ¢f manufacturers supply zgquipmen% that
could handle these reguiremen%s, but it would probably be

more econcmic to consider a Local Area Nstwdork (LAN) rather

“han to *ry to satisfy all cf this on a single machine. The




ne“werking system chosan weuld be the vahicle for fu+urce
system growth, Increm2n+s to this computer- power ccull be
added as needed.

At tha base of this natwerk, there would have *o be one
or mcre reasonatly pcwarful mainframe systems. Thsse would
be required for implemen+ing programmiang tools aad for doing
interactive testing ¢f code., Individual =diting and wozd
processing furncticas could probably be handled cn smaller
"spar+<" terminals. I+ makes more sesnse to Jownloed process-

ing cnto chearer miczos and minis ra<h

1]

r taan Iyl
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a large CPU tc¢ hardle evezything.

3.3 COST JUSTIFICATION FOR THE DEVELOPMENT IOOLS SYST:M
I+ will bs difficul: ¢ 3o zradizioral ecorncmic aralysis

on such a system for cos*t juszification. Ta2 necraa2l govsIn-

zent approach to scoacmic aralysis on sysc=2ms is o deze

"

mine raquiremerts, ccs* out 3 s@t of altarnasives for meet-
ing those regjuireaznts and then choose “hs ao0st cos+

af fective alternative for *hs system. Th=2z2 is nozhing
wrong with this, but it Jces 3meke cne zathar lacge assiamp-
“ion at *he star* - naaely that you can istsc-aine your- "cCe-
quiresents®". In FMSQ's case, this will simply no% be =<rue.
The softwvare developmesnt environment thers is so far behkind
current technology that the programmers could no%t aven stat2

exactly how they will use2 the new system. Our experiance a¢

NPS is probably instructive. Befora we acjyuired our IBA




3033AP system, we went thrcugh the standard justifica=ion
and trenchmarking based on the best guessas we could come up
with on how users would use the new machine. These guessss
proved to ke totally inadequate because our users were very
gquick o coms up with unanticipated uses of the machine.
This is <he problem of trying to assass "uamet demand® :i-n
advance. In FMSO's case, *he problsm is likely to be an cr-
der of magnitude worss becauss the systams in plac2 thers

azs sc o01ld. I%* will take thz prcgraaam

(0]

zs 2t 1233t 2 y=2s
bz€ore they begin to feel cenfortabls witih the machine,

ace +they do feel comfortakble with it, thsy will bsgin tc
use it ir ways that are hard o anzicipats. A LAN type
z2chnolaogy will at least alloy you to expaad ycuar rescuasces

ir a mcdular fashien.

3.4  CONCLUSICNS
FMSO sheculd t-y to rzmain as flexiniz as possible in izs

acquisi<ion of 2 Dsvelovment Tools Syst2a. Fostunatsiy,

at

+his is relatively casy to Co with n tens.
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It is possible *c buy a system 3s a se: »

building blocks
and intagrats arnd 2xpand *he systexz ovar time by adding new
pi=2ces. PNMSO 2nrd the Navy generally nead ¢o change the way
they think about computer systems. A computer sys“sm is not
a solution tc a problem. This type of <hinking leads plan-

ners to believe that 2 particular system is good now and

forever. A ccmputer system is a part of a probleam solving




R

process. As the procass changes, it is probably a good ii2a
*o ccnsider changing +*he system as well. NAVSUPSYSCO4 has
failed tco do %this with i+s computer systeas, and iz will ks
a difficult, expensiv2 process *o upgrade.

Newer trends in Navy prccurcsaent mak2 it 2asisr to ac-

=3

i}
w

‘ uire uyseful computer s ms by Iccusing 21 the func+ions
P

o]
o

providsd by the system zather than on a siaopping lis% c£

{ :

computsr hardware. FMUSO needs t¢ 1ook 2t davsioping 2an Lo~
p

12}
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~egrated system that «ill support prograa davszicpaent, docu-
man<ation, *ocls dsvalopmsrnt and managem2an=. The systen Je-
valoped sheuld ke 3xpandalbls so that <kh2 systen can grow as

®MS80's n2eds grow. The oc¢st promising candilidaze Zoo =his

- tyre ¢of system is tne local ar2a retwozk zpprcach. Taz LAY

rt
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tachnrelogy is still W, and it aay o= 2 few yeacrs i

.—A
~

befcre there ars any claar lsadars iz =this field. In thae

asantime, F¥S0 shculd begin working cn in cverall 3dsvelop-

a2n= plan and begin acquiringy segquirmant %“ha+t coculdi pocvide
s

i ¥ velopment in the future.

rt,

hort <erm aid ard also be ra*ionally fic=23 {ato a LAN de~




Chapter 4

PROGRAMMING ENVIEGONMENTS AND PRODUCTIVITY

The concept ¢f programging savisonmants 13 one —hat is
just bsginzing to get atteption frem researchers Iin produc-
<ivity. The Jdeveldpament cf compuzer scftwaze .s szill ia a

dus

22382, I i3 10t unasual Io2T 2 pocgTamIEr

Q
[¢]
ct
or
o
[Te]
[}
..l
18]
Ui
t
LR
'

ot
(b
«
{4
[ty
[
O
fo?
w
-
x
[
18]
3]
=
b
[ 4]
i
.A
Wt
Q
t1
£
O
ot
18]
o
¥
v
L
o
D
3
ok
[N
[

<o have to ws-i
on a teraminal), docyment it, keap *rack ¢ modules, iInte-
grate todules, tes%? the modulss, assamblz2 <he rel:zase vack-

2gz and a numter ¢f c¢<her chcres associated with <hs pro-

be szimllar “o haviag an automoitive workers

(2%

ts dcul
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a car, wri<e the own2r*s mansual, z2ssemble

®
O
th

be the desiagn

-

=ae car and be re

n

vonsiple for doing maintanance weck on it, H

This weuld £:quire personnal who wer? much nore skilled than

cuz-ent autorc+ive sacvice vaersonnel, and cars would be a
g-ea*+ deal more zxpensive as a conseguanca.

This problem that programming Wwork has is just arn example
of general prectlems in the clarical area. Capizal expendi-
ture per worker is lower for white collar workers than for
any cther type. The average per capita zapital expenditure
for white collar workers in our economy is $3,000. The cor-

responding figures for blue collar workers is $25,000 anrd for




farm workers is $35,300. <troductivi“y is harder <o nsasure2
in clezical areas. arhaps part of the problam is +ha+ pasn-

workers are not c-2ally producing arny-

w

agezs feal <hat ciiic

<hing zavvay, so why sp2ad any money on them. This z=<izudse

f )

iz crumbling ir the face cf ofiice automazion, buc 1z wil

b2 a while before it 1isarprcaars.

When we talk about a proyramaing 2nviccament, ¥ are
<alking abcu= 2 whzle complex c¢f suppors facilizizs £o57 32
programmer. Specifically, the points ¢ovz2z2d =1 <he Ldza
includs:

1 Tocls supper* -~ ACcess to coavenizn=, uL td Gaze
i

a) Interactive systeams.
by Flexible da-a editiny €aciliciss.
c) Tex<t fcrmat=i=3 and documza% prepacactiaen.
dy PBlectrocnic mail.
2) In+aractive compilers,
f) Flexible interactivs %*ermiznal syst2ams.
2. Archictectural anvironment.
a) Comfcr=-able workspaces.
b) Adaquate storage for dccumentation and listings.
¢) Llibrary facilities.
d) cConference and meeting facilicies.

3. Team supper:.
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a) Lata 9ntry perscinel.

b) Frogram and data libararians.
c) Technical writers.
3) Manageament aides,
2) Adeguaze secretarial support.
4. Sociali suppore.
3) Professisnal development sominars.
b) Tzaining opportunisies,
¢) Access o tzchnclegy.

The rfejuirements ¢f a1 grogrammes in 2 3
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nt 3are€ tas.¢alliy whrtesfold. Thzy are:
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1. Priva 5T Drogram writing aceivitiiss.
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2. Yeetiag arc
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2cciar inzarzacnion on projsct wWorTk.

3. Systea access for frcgram testing.
Anyrping %ha+ undermines these reguiceasnts will undasraice

~he pIcg-aaming snvircnment gararally.

From FMSO's pcin: £ .iew, <he most interesting gJussticn
is hew auch prcductivity will be Improved by improving <he
development crnviconaen=. This will be nscessary for any
cos* jusctification of igpreveaent. I+ turas out =hat =his
will not be an easy ques+icn <o answver for a1 vaziaty of rea-
sons. Pirst of all, =heczs is no real system of productivity
a2asurement in place at FMSO, so we hav2 no way to measure

productivity. Secondly, FMSO is a uniqu2 enviroament., In




mos* ways, i< is far behind current compu*ter technslocy. I-=
is doirg develcpment in a coxputer =2avizonaznt thaz 123t oo-
3anizaticns scrappsd *=2n years 330. ITsS @aragzaent cloima+s

is mcre up to da<+e. The improved programming tschnologiss
ace giv2a in the dsvelopment handbooks, the staff is awvare
f them and seems dedicated to impl=2penziag zhose tha< can
be adaptsd to FYSO's situazion,

It is this cembina<ion cf factoos taas 13xss comparcisch
Wizh injustzial =sxossiencs 1ifficul=., Mozt of ths reseacch
2n rpreductivisy lamprovement 1::ls 4i-h o Lizoovs? oTogran-
alng technclogies. Trnez2 is littliz work done >n 32 ccmpaci-
55 fetween Intaractive vs. oinch wod=s ¢ progran jazvelos-
1sznt. The T2asct £2I thnis is siaple.  Zv2Iyd2dy ccnsiders
Lntzractive c¢cding <¢ be such 2n improv2asz=nt =hat acbcoldy has
potaer2d tc CesszzaIich <ne gues=tion la=sly., There ware 2 few
“2n%a<lve papels on “the subjecst in *hs li-e 1%0d's, bu<
=h2re 2as besan liztlée zTacentliye.

The prcgraz3ying styles c¢f tne worxers will be 1iffsrcen=~
i2 interactive arnvizonments than th2y will =2 a ba=zch sznvi-
Ttonment. Whan a programmer does develcpmaat wortk in a bazch
node, ne has *c keep several projects gcing concurrarntly.

¢+ "ee Harold Sackman's article, "2xploratory Experimen%al
S+«udies Ccmraring Online and O0ffline Programming Perforum-

ance" published In the Commugications 2f the Associaticn

ISL CQmputiag Maghinery inm Janwuvacy 1968. Sackman's ar<i-
cle concluded that +~here was abou+ a 20% improvement ir

I=

should be

programmer *ime usirg an in%t2raczive
ncted that study used the relatively
systems cf the la*e 1960's. Today's
zems are oc-ders >f magni<udz2 better <
active systeas.

n

systam.
cruds intecactive

sccean orciented sys-
har <he early inter-




This way, ke has somec<hing to do while waiting €cr =-hz out-
out of his las* compuzer run. This also means *ha<~ th2re i3

a2 setup ccst esach <ias he shifts gears

th

Lol oLe projsct =c

3n0< he:. In an in

3ractive envirorment, 1 programmer is

ot
w
o

able *o cercanztra n 2 3ingle precject un=il 1= 13 cemplez-

ed. He dces nct have =0 rlar his work 2-2und -he difficul-
=125 ¢ computer acc2s3. This would suggest that interac-

stems develoonment shculd have high paye:-f in =2

ot
T
<
m
n
rg

Tilatenance orientzd =2nvizonment like FM30's, FOI @c=-

nainstenance wCIXx, Th: Zhangas <9 2 pregrana zT2ni %0 be szpall

dccz attan+tion needs <c¢ D¢ jiven =0 tne 1331F I progTan-

TLLG eLviccrnmen+ at FiASO. Tk
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have been aaply coversid elsewiszre. 3ur siaply Improvi:ng

supesert <o daveloparts in *he Zorm ¢f ifaprovad =scls, s2cre-

a0logies.




Chapter S

A PRODUCTIVITY MEASUREMENT SYSTEM

5.1 INTRODUCTICN

This chap<er will discuss the measuresaent of producstivity

wizhin «he softwaze develcrmernt and maiatsa

w
33
O
[11]

pIoC2ss.

3 a nea3ucte cf cu=put

a

?roductivity measuras, wnen defined

)

divided by a measur= z£ infu are used £o- measuring thsz

)
(7S

o ducH

(4N

sificiszncy ¢ zany on process., 2Productivity measu:s

"y

can rfrovide infermaticn on efficierncy at all lsvels 2f ar

organiza<ion. These levaels include various prsjects ani de-

organizatioa.
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par~ments, as well as the enti

3
ot
133
(]

will examine <he purposes ¢f croductivizy Isasureasns,
productivity measucemsnt preblem in genaral, various meas-
ices ¢f pregramaing p-oductivity and 3 brief discussion cf

“hs implemenzation 2f a prcductivity measurzaent sys-en.

[

I

5.2 PURPOSES OF PRODUCTIVITY MEASUREME
The primary puropos=2 Zor measuring prsductivity in the
software devalicpment and maintenance process is to previde
infcrmaticn fcr use in <ha taree major phases of software

management, These phases are the planning, con+trol anad
evaluation o the entire scf«ware process as well as indi-

vidual prcjects within the process.

i, - ¥




5.2.1 PRlanning

The primary furnstion of “he plataniig prase of scf-wace
managsment iz *o provid2 a prior estimata2 of resources re-
quized for sugpcr+ing the software developmsn= and malinte-

nance process, either on a project basis or orn a fz2curring

softwaze prcecsss. Tha prcduc=tivity 2==25123 is 33:d, z:long

with an 2stimpats cf ths anmeuns 27 ocuzput Z:zguized Zcr =zae

5.2.2 Co

[t=]
ot

el

The control phase of sof-wzar2 maaagemzn: eatails =-he 3:-
“acmination of “he ex“ent cf progress c¢f the sof%wars pro-
cess and may te applied at both the departament and project
lavel. Progress may be measured on two dimensions, budge:
arnd schedule. On the budget dimension, actual capenditures

are compared with planned expenditures and variances arte ex-




B anar ey, -

amined, Adequacy of progress is measursd by <thes2 vzrianc-
es, The planned expenditures, which wers gsanerated during
the planning phase, usually ssrve as the starndards for mneasz-
uring progress, However, the plans are subja2ct <¢c acdifica-
“ion due +*o unforeseen contingencies,

.On the schedule dimensicn, actual elapsed tiames are cca-
pared with planned elapsed times ard, again, vaciances ace
examined. As in the case ¢f budgets, plann2d schedules
s2rve as standards excep=< when modified by 1aaxpeczed

.

nts. Pzoductivity measuras are used i thi

n
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sist in <he de%*erazina+ion of actual budzets and schedules,

plans when con-

rh

as well as =¢ assist in tte modificazion o

«ingencies cccur.

5.2.3 Evaluation

The 2valuaziorn phase of software marajsmenT CCRCeINS t-
self with ths de<ermizaticn of how well ths software process
is mee-ing *he gcals cf *he organiza=ion. This de:srmina-
=icn may be made at the depar+ment lsvel, zhe projec: level

¢- any intermediate level, An integral pac:t of this de%er-

tion of the efficiency of <the process. Productivity meas-
ures, functioning as pure efficiency measuces, are useful

duzing the evaluation phase.
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5.3  PRODUGCTIVITY MEASUREMENT LN GENERAL

Productivity is defined as the relationship bezweern tie
output of goods and sarvices and =he inputs used zc produce
these outputs. Tws geperal types of productivity ratios are

ganerally used: +*otal factor produczivicty and partial fac-

1~

tor productivity razios. Toral facior ratios include all of
~he inputs ia the produc<icn process, wnile partizl fzcter

zatices 4

o

no<. The iznputs or facters of production are gen-
erally classified into three majcr cateyorizs: laboer, capi-
«3l and matzscials. A to“al €acTor Tatid 13y be asnle =0 dis-

“inguish subclasses withirn each ¢f thes2 majo: cazsgcries.

may te us=d but labcr is inecommern usage as 2 partial meas-
ure wizh *he inpu+n measure genszrally beinyg BaAR-LouIs or
nan-years. Nc%2 that <he use of pzrtial zsasures may de
misleadiag since changes in one iaput have =2£fscts upon all
o%ner inputs as well as output. Consequantly, an inccoease
in output per man-ysar indica“ed by a partial ra+io should
no= ke interpreted “o mean *that the incraase is due solely
“0 *he increased efficiency of labor. This is because the
increase irn output is a result of all of tas factors of pro-
ductior working together.

Productivity ratios are affected by bath short and long-

run elements. Prcobably the most impertant »f the short-run

elements is the change in utilization of productive capaci- .
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%4
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-y. Productivity ratios generally vary inversely with
cnanges in the dsgree 2f capacity u+ilization since the £ix-
€d inputs cannct be varied with changes in output. Other
elements causing short-zun changes in productivity ars bcth
<he level of effort and the learning process waich sccur as
individuals adap* to new methods and s2quipment. Among those
elements causing long-run changes in productivizy ace chang-

d +o

[

w

es in the qualizy of inputs. Such chanja2s ace refarr

. 4§
- lm—

[o]
n

as input-augamenting *2chnclogical changa. Perhaps a

e

ortart of +«he 1lc

el

g-run elemeats are chingas Ia the m2+hods
of organizing pzodacticn. Thsse changes ia the uadac-lyin
produc=-ion functicn azz a result ¢f such items as changes iz
the crganizaticsal structucte ¢r changes Ia managec-ial abili-
“Y.

Thezr2 are several problems Znvolved in zhe us2 of produc-
“ivi*ty measures. Thase center a2round tas asasurement of in-
pu=s ard outputs and *~heir abilities tc measure efficiency.
dhen measurting inputs £or use in a productivi-cy msasure, i«
is desirable tc z=nsurs tha* caly <he inputs that are actual-
ly utilized in =-ie production procass ac2 usad in <he meas-
uze. This is espacially important for ths labor iaput and
implies, £cr example, tha* only %“ime worked should be uti-
lized in the measure instead of time paid. Although tiae
paid may be of interest since it corresponds to the tctal
cost incurred, i< is important that such items as adminis-

trative time, etc. be separated out. This will enabls man-




agers =0 fccus mere carefully upon the separate ac4ivi-ies
of produc+ive work and other work. Also, it is impaza<ive
that only inputs which arz2 hcmcgeneous be aggregatad. Using
iabor as an example agaia, different skill levels, such as a
keypunch cperatcr versus a systems programmer, perform ern-
tirely different tasks and should be aggrzgated cnly when
<hey are cccur wi*hin a particular depactaens. It is also
preferable t¢ measuce inputs in terms of physical uni:s.
Value units may also pe u+ilized but physical units should
52 used 1f availarls.

A primary prchklem with the measurement of ou=puss is %ha-<
convenient measur<s are scmetimes no- available either ir

physical units ¢z value upits. This outpu* measurems

e}
ot

tions. In this case, there is usually a0 acc=2pted ospera-
«ional definition oI what the osutputs r2ally arce (national
d2fense, welfaze, 2%*c.), and the ou“putrs ar=z no< traded in
any markets so that value measures arce uanavailabla, also.
Corsequently, mest of the cutput measuras in uss are actual-
ly intermediate on“puts or, simply, inputs 4o further pro-
c2sses. Such measures are weak, a- bes=.

In the cases where inputs and cu*puts 22y not b2 precise-
ly measured, the productivity measure becomes susceptible <o
perverse incentives and gaming. This implies that the con-

tzol and evaluzticn phases of managerent may focus upon

faulty indicators. Por example, if the output measure is
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not truly output, there is some danger that gernera“ion of
input may be enccuraged rather than cutput. This increase
in inputs does not necessarily imply increased output.

Also, use of such measures may provoke the gena2ration of
useless output. In one instance ir the public sec:or, the
masasure wvwas square feet of buildings clileansd. This rasulced
in many areas teing cleaned twice daily and scme areas no<t
a+ all.

Ancher majcr problem with productivi+y measuces is how
to deal with the quality of cutput. Oszansibly, <he guali‘y
of outpu~ should be held ccns*tznt ia productivity measures
but changes in quali<y may be difficulc <o measurs. gJuali4y
changes can cause difficulties in both dizascrions; Juality
dateriora+ion may cause -he m2asure <¢ incr-e2ase, whil2 gual-
ity iaprovema2nt may cause *Le measure <o dJacrease.

A final proklem is <ha< changes irn ons
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i-y measure can te zisleading concerning 15 zffec*s upecn
<he entire production procass. Thece ars numerous wWiys <o
ob*ain a givan cuzput with several inpusts. Technical effi-
ciency exists when, &4t a cons*tant output lavel, reduc-zion of
one inpu< necessitates an incrsase in anc+h2ar inpu=. How-
ever, 2concaic efficiency exists whaen th: rC2lative marginal
costs of utilizing ail inguts in productican of the output
are the same. Technical efficiency is raquired for economic
efficiency but not vice versa. Note tha* neither of these

two concepts of efficiency are captured ny partial produc-




ivity measures. Overdependence upor partial ameasures for
con%rol and evaluation can result in uniarutilizazion c¢f
particular izputs which leads tc less raz+her than mors effi-

cient use cf resources.

Keeping in mind «h: abcve discussion of produc=ivi4y

n2asures in general, we can now begin %o discuss the sofz-
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waTe programaing produc+<ivity preb

r3g:
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of the majcr inputs iate +he softwa

[} ]
(1]
(&1

av
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lcppent and main-
<2nancs process. YNote, hcwever, that prog-amalag is an in-
pUT *0 tais brocess; it is not the output. Tas ou=nus oF

r d

£ipm§ e =
gini<cions

I
w

*h2 software fp-ocess Is usabl: scfiware. Cti
and measures of this outpu=- abcund bu% all are szaply fur-
“h=2r derivaticrs on this cre concep%. ¥3s< output m=2asures
which are currcenzly being used in programaiang preductivi+y

.

Iop being either

12 )
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suffsr ure or intera2iia<s inpuvxs. Phys-

n

ical measures, such as programs, 4o not address thz problen
that usecs cf softwars are not interasted ia prcgraas but
are interested cnly in the output from ths programs. Value
measures, such as revenues and sales, are available for pri-
va*e sector enti+ies but are not availaole for public sector
organizations, such as FMSO. Because the dafirition of the
sutpu* from the software process is so aquivocal, several

altearnative measuras are being utilized curcently. These




generally clust2r arcund lines of code produced iz <az pro-
gramming process, functions which the program perfo-ms a
furncticns which the user performs when utilizing -ae pre-
gram. Additicnally, most variations c¢n these nm:zasures use
some measure of labor to gerezate a (partial) producsivity
measure., Producrivity measurss usirng thsse three pajor
types of output meesures as wsll as an additicrnal cne, ccm-~

pleted prcjects, are e~valuated below.

5.4.2 Lipes cf Code

The productivizy mesasure using lines ¢ code is usually

1

lines of ccd ber uznit, where zThg labor uni- p2y he
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ter 1

»

i

marn-days, man-we=ks, man-montas, &tc. Lires oI cods g 2

ver, 1+ measures an Laput in<d “h=2

He]
{N

hysical measurze; how

(44

softwarzs develcpment and maip<tsnance Drdcess not =2 Ou“put,

Lines ¢£ ccdes ar: rnecassary to preduce 2 software progranm

(17

bu%+ cannot msasuce ncw <he pregram functicons.

A major difficul+y in isplemen=ting <tas use of lines of
code &s a prcduc-ivity measur? is <o define exactly what a
line consists cf. Prcograms consist of morz <han executable
lines ¢f code. In additicn to the exscutable statements,
there may ke jeb ccntrol language, comment statemeats, data
jeclarations and macro-instruc-ions. Depending upon wha+< is
or is not counted as a line, various measurss of lines of

code may differ bty factors of two or more.




Another rajecr difficulty in using lines of codz as a
m2dsure concsrns its peoer capabili“<ies wh2n measuring non-
coding tasks. The entire program davelopment pPLcCess re-
quires much more <than coding. Most lines~-of-code measuces
at+empt to dsal with this by using long-run measures which
have scme average aazount ¢f noncceding work built Znto them.

However, the application of lires cf ccie per programmer-

ot

h to such tasks may result in guestionable results irn
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fic cizcumstances.
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hese measures 21so =end to penalize higher _evel Lan-
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guages. The ini-ial porticns of the sci+tware developmens

cycle, such as the Jezerminaticn oI user rcequicements, spec-
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icatio and *est cases, as well as larer porti such
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rg of documentaticrn, do nct depend upcn the lan-
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o
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guage u+ilized. Since aigher lavel larjuag2s tend o re-
quire fawer source statements to program “han lovwer lsvel
~anguages, ccokbinazion of +the coding portion with “he lar-
guage-indegpenden~ por+ions of development rasul%s in an ap-

vi“v when using higher level languag-

bae

parcent lesser produc+
2s. This apparent paradox exists because *h2 productivity
measure is just tha*t and is not a measurs of tctal cos=.

A problem related to the higher level laanguage problem is
tha+< lines c¢f code does nct adsquately 332l with qualicy
differentials in different prcgrams. Some efforts have been
made to permit the in*roduction of quality measures within

lines of code via the use of compiexity aez-ics. Because




“he field cf ccmplexity metrics is still undergeing q=vzliop-

ment with no dcminant metric available, the use of such me-

t-ics has noz ye* offered a precise solution =o ths quality

b i measurement prcbilem.
The last majo:r problea with lines of code is that i+ per-

pe-uates the myth that coding is the przdoainan+ activity :In

! sof«ware develcpment and main<enance. This may have been
*he case in tle early days of precgrammiaj, su: in, f£or exam-
ple, modular pregramming <there may be no na2w code c-eatad
du-ing a par+«icular prcjace.

A rela<ively ainor prolblem aprgears <5 be tha<t, whan such
@mcasures ace aprlied -0 subtasks in 2 project and =<hsn ag-
jregated, “he aggrzgezicn cf *hs sub%task m2asures <o a sin-
gle cverall measuze is perfcrmed incorzectly. The cocrece

methed 2f£ aggregatior depends upcen whetasr the subtasks ars

<han any c¢f <ke subtesk measurss, and, 1I they are perrformed
Ai saquen+tially, th=s agg-egate measure will be smaller thaz azny
of +~he sut+task measures. Ccmbipa%ions -zquir2 that saquen-
*ial subtask measures be aggregated first, followed by ag-

gregation of the remaining simultaneous mzasures.

As with all productivity measures, lines of code is sus-
ceptikle t¢ gaairng. Programme-rs may be able to generate ap-
parent increases ir prcduc<ivity wvhere 2on2 really exists as

f . wall as apparently prevent decreases in productivity where

such a decrease has actually occurred.
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Despite the rtroblems jiven above, lines of ccde dc2s have
a major advantags in that it i1s relatively zasy <o wmeasure,.
Az*h judicious use, lines cf ccde nay offer ar excallen=

me<hed for msasuring rregrammer productivi4ty. The f£allowing

statemens

illustrates this:

There is s= g * deal =<c be lear:znad abouts
quality and uc+ivity normalized against lin
¢ ccde. We have not explored <he liai<s of
knowledge, and comparisons between di:°F
Cf programs-=-wi*h lirnes of code counze
way fcr poth--almost daily vield new :
jiscoveries. It 15 Fremature =o &onarnion
methcd, jucs whsn resulss ace ce2ccning
i2g9.°%
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A productiviey 2easuse has keen proposed and tasted whivh

+

~3 rased uron functiens perfcrm2d by “h: prcgraaz. Th:2 spe-

ciiic measures is liboT unizs

—

gpecificaliy, man-hcurs) per

functicn., Note that <hils Is not ac=ually 3 producesivity

th

reasur2, bhut iz zhs inverse o2f a productivity neas As

=
t
m
.

(o]
“

-
.a

l

a
W

in =he case ¢f lires crf ccde, pregram functi sures an
input into the softwace development and maiaztsnance process
instead of an ocutput. Al%though i+ is anle to measnure how a
precgram furncticrs, -his measuze doces not capture how users

evaluate or utilizs a pac%icular piece of softwara.

S This quote (page 51) and scme of “he abcve discussior is
*aken frca Jenes, T.C., "Measuring Programmiag Quality and
Precductivicy,™ IBM Systems Journal, Vosi. 17, No. 1, 1978,
PP. 39-63.
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Perhaps “he mcst difficult aspect ¢f using progran

functicns as a amcasure is the definitinn 2f a progrza Zurnc-

(N

“ion. Pricr applications hav=s beern limi<esl <o s=ezucturcs:?i

programming envirzonments cnly. Within -his st-ucturzed ap-
proach a functicn is derfined to be a paragraph, Dspending
apon +the particular lanquage, a pacagraph and, thectzfore, a

func+tion may ke a prccedure cr a (sub)routias. This also

<<

’l
e,

c:

w

corresponds t¢ the concert 0f a mcdule. SGiven & sp

22+hcd of measuriny p-ogram functions, =his measurs is rela-
-ively easy =¢ ciltulate. Hcwaver, thiz zs2suse 135 2ls50
susceptible to geming, dzpending ugen <hs: extsnt =c whlcgh
<he individual c-eograammer can control Ta: 3tIZucture of +te

progran. ®

A produc=<ivity measur? has been proposed which i3 dased
1pcn external az<iibu+tes oI functicns which acte ac=tiva=zcd kb

th22 user. The gs3n2rzal avgpzoach 1in this

Q

1s3 is =c dezeraizs
-he ex=e-nal or ussr-orienzed manifesta=-ions ¢f aay applica-
-ion software, 1In practice, this is accoaplisned by coun=-
ing the nuambsr of 2xternalil user inpu*ts, Suzpuzs, incurcies

and smaster files lelivezed by the projec+.

¢ A discussion of pregraa functions may bs fourd in Cross-
man, T.D., "Taxing the Measura of Prograsasr Productivi-
*y," Datamasior, ¥ay 1979, po. 14ud-147,
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The counts ¢cf each of these fcur factors may be wesightel
0 at=empt to reflact the relative valuz of cach =~ %he

user. Albrecht suggests specific weignms waich wJ2oZe Zcuni

[#]
o
1]

us

&

ful in cre particular organization. Additionally,
~he weighted sum may be adjusted =0 accoun: fcr exzrzordi-
nary cizcumsstarces., The rssulst is a measucz c¢i furnction

écz. The 3c<uil measurz u+tilized

counts for a stecific pro

A D S - -~ o - -~ [ - - - - N P \
Ly Albrscht Was hours worked per Zuncticn c2un<, ¥aich is

z1zpu=, user functlions, 0 %he scitwaIs pIrocess. In
rzspect, 1%t corr:isgeonds moere clicsa2ly ¢ a tzusz trciuctiviey

zocve., Siaca i+ Is mcze cutput-orisnted, Iz is much morse
1ifficul~ te garz -han any ¢f£ *he c<her n23suces.

c1astancs s 2ay b2 ncn-riviel, howevas., F

Q
&1
)]
o]
»
=]
e
-
(U]
-
b
¢
)
n

cor.ceivable zha< one may have a difficul=z *im= discerning
4hgther a part<icular furnction is ar Input or an inquisy. If
2 differen+ weight is alilcwed Scr -nputs <hian Lz allowed f:o:
njuiries, <ae selaction cf pacticular user furncrtions may
have ar unin=erd=z1 effect upcn the actual value generated hy

*he measurem2nt procedyr=.7?

7 User functions are Jdiscussed in Albrec:, A
Applica+iorn Devalopmen* Froduc<ivity," Bzo
SHARE/GUIDE/I3Y Application Developmeat Sy
1979, pp. 83-32.

"Measuciag
__dns§ 2L the
sium, October
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5.4.5 coppleted Projects
Another possibls m=sasure is compl2ted projec=s p2- LAarer
uniz. This measure ¢ffecs the advantage of being 2xceptocn-
ally easy to irrlemen~ and use. However, unlsess 3 r2ason-
ably large number of diffscent categoriss of prcjecis arce
maintained, this measure is also exceptionally suscep:ible
o gaming. This is espzcially :true 1f the indiviiual 7o be

measured has anv inpu= intc the selectisn oI which projscis

aze tc be programmed by whom. Alsc, =hz cxiszsnce of a
large number <£f ca*egoriss ccatzonisss th: zase-cli-r:2 14-
vantage of this a=3isure. Similarly, it presents -he z233i-
=ional protlam 0% cross ccapazisons of iiZiarent measucszs

7hen lccking at 3 single p-ogrammer. i

5.4.6  Summary
fach 2f the abova measures has nniqu2 advantagss anil dis-
ajvantag2s. This 2nsures tha+< ther2 is no one dominarn<

MS0O is o20<h a dev

{O
Ny
14

acasure for all si-uwations. Si

=]

c lop-

, e R

ment and a maintenance activizy, these 32asur2s must be sx-
R amined for +their specific compara<ive ajvanztages in the de-

: i
b, . .
2 valopmen: 2nd/or maintenance processes., Along +his

th

Qnctleons

dimension, the +*wo functicnal measuces, progranm

- and user functions, are useful primarily in the developaernt
process. The cther two measures, lines of code and complet-
ed projects, may be used for both developament and mainte-

nance. The measures also have relative advantages and dis-

- .
i




rc

L

aivantages when used in either applicazions or systsn
programming prcjscts. Note, addizionalily, that tharz are
difficul=ies in making comparis:ons acress differens languag-

restsd cnly i meas-

[{}}

es or organizaticns bur here we ace int

uring <he produc+ivity of <he prograaming process within

ray

¥130.

Hence, it is 3uygesz=2d -ha+ a pllct proj2c= be set up +o
collect da<a cr a number &I softwace projicts and thaz sev-
e-2]l measures bz eviluz+2d using -hksse 3ata. Thisz wculd r=z-

3ult in =we ¢z cossibliv thre» ms2asuzes t2ing selsce23 fec-

52 £yr<har =2valua+tzd <c prsiuce an oparzcional productivity

nZA3UIs|enT Systam.

g-ammers, irn c¢rder o implemezt such systems. A1l of the
msasurement syst=ms above are based on 3aily Inputs by irndi-
vidual programgers in order “o keep “rack of labor units.,
Also, analysis of “he project is n2cessarcy .a order ts gea-

2rate alternative 2utou- measures. Howevar, such sSystems

are, in general, cost-etffective basad upon =heir general us-




age. In additica *o =he gmeasusement systen's contrihution
to the potential increase ia pzoductivicty, thers ac: saveral
other reasons tha* FMSO shculd begin +to implem=nt 3 prcduc-
~ivity measurement System.

The major reason is that a similar sys<em, designed to
associate srecific -esources with specific scfrtware pro-

a
=

(W)
¢

ts, will be implemen+ted in the near fuzuc2 by DOD. The

i

kY

B}

Force is the lead sexvice in the testing of th2 Scfcware
Acquisition Resource Experditure (SARE) r=2p0r:ting systenm.
New dicec+tiveas will r=2guice such rfeports f£o7 =21l s+fewarce
develcped Lty and for DOD. Coalsequently, “h2 IZoz+hzomizng
SARE ra2porting system will be much easisr <> implemenz if a
daza c¢2llecticr system has been *test2d 35d is being uztilizsd
by FMSO.

Arncther possitie resason for aovement to 3 productivisy

az2sursment syss=em by F4SO is zo provide th2 basis for quazu-

<itative jus<ificarion of resources required for particular
procjects. Under the commercial activitiss prograa, 2.l
ron-mission-essential activities are subjsct =¢ private sec-
<orC provision. In the case of sof¢ware dev2liopment arnd

maintenance, +*his program would regquire F¥SO %5 bid on par-

E | «icular projects alonqg with private sector sof*ware houses.

} Such bids must be auditable, which impliss that productivity
| information must be guantitatively-based and verifiable. A

‘ ralated aspect is that the NARDAC's are moving to a NIPF

funding basis instead of a mission-funded basis. 1I% is no:

)
: ML IR e B TR s ot ao Lk = oow N i T P T e e




impossible that FMSO and its customers could be moved -=o
such a fuand accounting basis in ths future.

Al+*hough a froductivity zeasuremen* systam can prcvide
reascnably precise and accurats informazion, i+ canne+ in-
crease productivity on its own. Otner chapters of this re-
port provide other techniques and methods for dealing with
productivi*y enhancem3nt at #450. As tuz £51l0W4ing Cemark

indicazes, these othex factcrs ars also impor=zarnt.

Hcw wezkeéers fe2l zbcout =hzir job3, atour zheirs
f2llew workers, abeu<w marnayemzn<=, 233 21bcus tha
o-ganizaticn, @27 52 OTe Laportant n influencing
p*od"ctzv;ty “han is <he particulac way =zhey are
instruczed =0 do tiair work, the foczal organiza-
tional stzuctire, o ever financial incenzives.®

¢ This is fourd cn page 1038 of Nelson, R.R., "Research on
Productivity Growth and P®zcductivity Diffarences: DJead
Ends and New Departures," Th3 Jouraal 3f Economic Litera-
tuge, Vvol, 19, No. 3, September 1981, pp. 1029-1064.
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Chapter 6
A PROJECT PLANNING SYSTENM

Software prciect managemeant has never heen an easy task. i

The area is characterized ty slipped scha2dules, ovezdue de-

liverizs and systems tha%t do noct work as tazy wers Intended.
Over the years, we have gottsn 3mact2> 1dcut 3sci%vace systen
davzlcpmant. We kncw more about hew to 3o iz, 2nd we se=tls

Zor less =han our nost op+timis*ic hopes. A manager thrown
in+o this envircnment for <he first tims guickly ceomss o
appreciate Fred Brocks metaphorical use 5f the LaBzrsa Tar

Pits *c characterize software davelopmeat projectsi.

A grzeaz d4sal ha

(0]

been writt=n abou%t soi<ware projec= man-

agement =-echniques lately. Naturally, nost of the wri<eurfps
ace ¢f success stories. In ths nrcrmal aanner of success !
svories, they make the prciect management proC3iss seen easi-
er than it prctaply was. This is where ti2 "Grass is Green-
er" gyrdrome begins %o come in. We know “hat in our owa oc-

ganizazions, there are prchblems that sometines get ou+ of

hand. These success stories sometimes mak# us <think +that
everybcdy else has things under ccntrol. The answer then

seeas t0 be to taka the methods that have (presumably)

° Pred Brooks, Iae My:zhigal Man-monzhi. p- 3.
- 51 =




hras s-mthari .

worked wall elsewhere and adapt them o our organizzticas.
This wculd ke a grea+ idea if i1t werz possible, but un-
fortunataly, there arz a few hi*ches iz <he process. Scé<«-
vire projects are not simple, 31d they are nc* standardized
across organizaticas. The s+andards for am2asuciag produc-
=ivity in diffezsnt orgyanizations ars going To be vastly
different. We can lzarn a lo* about installing a prodiec=

planning and centrol system by observing the “echnigques tha+

—H

-
-

have worked 2lsewhere, but ws havs ©o b2 careful.

n
[

S

-

£
-

W

= -

pacialiy dangercus to tak

[<H)

producsivizy iz

=

~ -

[{}}
LB}

pugo ]

gqaniza<ion as necessartily being indicativs of what we ca:n

sxpect. First of 1ll, we havs =o kneow what they think vpro-

duc=ivity is ard hLow zhey z2ccount for i<. That infocmation
marcely appears in tne artizlss in sufficienz dezail o allow

uUsS “¢ cecons<truct -he ansasurss ased by =as original ces-
s2archers, muchk less uss *them in cur own orgaaizazions.

Wha+ we will rave =0 do is =0 develop our cwn acdsls
(p-okably pa<ternel orn thcse Javeloped 21lsswhere), gather
dJa+a ¢z how they work, and gradually devslop ouz own sys+=en
£or preojec* a2stinating. This implies that 3 project estima-

<ica model has to H2 =<wail

0

r made for a given orsganization.




6.2 PROJECT ELANNING AND CONTROL SYSIZAS

Just because project planning and ceoentrol systems mus< b2
tailored to a givan ocrganization, +his dces not mean tha*
~here is nct ccnsiderable guidance available »n successful
approaches to prcject planning systems. Thasre are =wo major
appzcaches we would recommend considsring as mcdels for a
prcjecz planning system at FM30. The first of <hese is the
SLIX system developad by Lawrence Futnam!?. Putneam's model

is based on ¢the Rayleigh Curve and can be us2d <o estima-e

[{(H
(4 1)
ih

cr* requirzed and timing of effcrt for w2iium wo large

ot

€ s30of

|7}
Q
w
'—J

ware projec+s. Thae SLTIY modael is available cve:
=ine sharing services and could se-ve as 3 useful first ap-
orcach to devalcping local project planning models at FMSO.
A gocd source for inferwmaticn on the SLIM model and the way
in which i* is used for prcject plaaning is given Lty vVor-
garngt!, The SLIY model is basically a macro approach <o
cost ard effor+ estimation *hat makes r2asonable assuaptions
about <he tyre of work being done. t seems =0 offer a li=-
=le less £lexibility =han you would get by developing your
owr mcdel, but it is probatly a gocd place to star+t investi-
gazing the sutidect.

10 A detailed acccunt of Futnam's model is found in Lawrence
Putnam, "A General Bapirical Solu<ion to the Macro Soft-
ware Sizing and Estimating Problem"™, IZEE Izansactione oo
software Engingeriag, July 1978, pp. 345 - 361,

11 Blair Recland Vorgang, "A Macro Approach to Software Re-
sourc2 Estimation and Life Cycle Control", Mastex's The-
sis in Ccnputer Systems Management, Naval Postgraduate
School, December 1981,
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The n2xt prciect planning model is wne COCOMO (for
COnstructive COst M0Od=2l) syswem developsd by Bacrzy 3cehmt?
of TRW. Bcehm prevides a detailed description of <xe CLOCOMC
system in his bock. The data used to deriv2 thz amcdel ccaes

from exparience ir software davelopmen~ at TRWA. Unforsu-

b]
W
ot

-

ely, this experience may no= te 2mticzly celevar: =2

O's softwr-& develoomernt situa+*ion. Th2ze is rno* a suf-

251
e 4
wn

"

icient number of ZCBOL iaza points usei -5 dezive the pa-
rameters of the medel. The COCOMC mcdel rrcobaoly Wcoks bez-

Yting eavizonm:nt cocaaon it th

[
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asrospace industry tnan i< 2oas in a pur2iy daza p:cosce
snvircrment,

Howevar, Boerr i3 3e<ailed enough abci+- hcw =a2s mecdels

272 put =cge+~her +hat he rrovides an exc2ilant pa<ttern o
follew in develcping ysur own prejec+ plaaning systems. The

t2rmediate models.

4]

JICOMO systenm is divided ipto basic and &
8oth systems are used =o predict <h2e effior: reguired +o de-
valcp a software prcduct. The fbasic system uses a single

oredictor vaciable, nuaber cf lines o9f sourcs ccde reguirel,

g}

and three differsnt nodes c¢f dsvelcpmenz. The th-ze mcdes
aze:

Organic Mcdz - In organic aode, relazively small
sof+tware teams develop scftware in a highly
familiar,in-house environment. Most people
connected with +“he pro ject have extensive ex-
pecience in working with relat2d sys<eas

12 The COCOMO model as well as a nuamber of other importarnt
issues in project planning and cost sstiaation are de-
scribed in Barry Bcehm, Software Engiagesing Econoaics,
pubiished by Prentice-Hall, Inc., 1981,
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within trhe organization, and hava a thorou?h
unders<anding of how the systam under devel-
opment will contributed to th2 organization's
cbjectives.

Emb2dded Mcde - In enmtedded mode, :the distinguish-
ing factecr of 2 froject is a ne2d tc operate
wizhin tigh<t constraints. The product mus*
cperate within (is embedded Zn) a strongly
ccupled complex of hardware, sorftware, regu-
laticns 2nd operatioral preocedurss, such 23
an elsctronic funds transfer systam ©or an air
traffic con*rol systenm.

d mcie is an

Semidetached Moce - The s che
«h2 croganic and
Tt c
cI3

emi
interncsdiate level ba-w
embecd=d zmcdes. The prI
tuzes of both emreddzd a
ac=erir+ics.

ontains mix-
r3anic node chac-

(13

PSMC's mode of prejecet velcpemern

“t

4 cculd rnccmally be chazc-
az-ezized as o-ganic oode, although some 2f the projec+s un-
ieac-~aken by -he Envirscuimen+al 5roup wculd probably be con-
siderei to be embedded mole,

At <his basic level, Bcehm epor+s that CCCOMO pra2-

the

o
th

dictions come wizhin a factecr »f 1.3 cf acsuals 29%

TF

«ime and withir 2.2 of ac*uals 60% of ths *imes. If thess
rasults 30 no* seem cverly impressive ydou Cin move tO what
Boehm calls intermediate CCCOMO. In this erhancement of <he
model, 3cehm adds an additional fifreen factors or "“cost

driver attributes" that are givan belcw. The rames cf ¢he

variatles are “hose used in Bchenm's model itself.

Froduct Attributses

RELY - Tequired scftvare reliabilicy

e 5§ -




DATA - da*a base size

CPLX - product cormplexity

Computer At+¢ribu<es
TIME -~ execution time constrains

STCR - main s¢orage censtrairnt

VIRT virtual machinre volatili

ol
s

TURN computer +turnarcund ztime

Perscnnel Az<ributes

ACAP aralys% cacability

AEXP - applicaticas experisnce

"

PCAP - programmer capabili-=y

<3
2]
Fad
L]
[}

virtual machine experienca

LEX?P - pregrtamming language exps-ienca

Project Attzibutes

A0TP - modarn programming prac=ices

rn

TCCL - use ¢f sofitware tocls

SCED - requirzd developmen< schaduls

Each c¢f “hese parametars are assigned wsights (called "ef-
€5r¢ multipliers"™ by Boehm), and thase wsights are used mul-
tiplicativly teo adjus= parameters in the model. Boehn

claips tha*t with intermediate COCOMO, he is within 20% of

ac*uals 68% of the tinme.




In many ways, the *ype of dzta collect2] by Beehm for in-
<zrmediate COCCNO is similar to tha<+ already cornsildered Dy
F¥SO for i+s owr prciect estimation data catheriag. This Ls
no“ sucprisirg since Boehw's mcdel passes what cculld be
called a "“reascnable man" tes+t. The param=2ters iz the model
are those that an expesrienced professicral wculé probably
expect to find contributing to effort raguicsd in a scfzware
javelopmsnt preiect. With Boepm's modeli, or 2ary scfiware
develcpment mecdel, one mus<t be careful how 1t is zoplied.
The devalormen=t ~I such an estima*ion molel 15 an evola<icen-
acy process and =haTe 3aze many oppertuniti
Puznam cau<icng thas "I have foundéd <hat malpower date &ccu-
nulated =-c a yearly value is rnc*t ncre accurate =han +/-
10-15% 02 <he cecorted value. If =<he datz are examinzd =2+
sher+ter intervals, the percentage variation w3nds =o b2 evan
greatez"13, I+ will <zke time to Iiguza2 cut what *hke bias
caused by acccun<ing protlams is in yecur szgerization end
how +hes2 should pe accourted for ir the model., I 2343i-
~ion, -here is r-cbably a "Hawthorne Efizct" pressnt in
sof~waze management. As a model is developa2d, the tighter
con“rols are likszly *c tring about increased prceranmer
adareness cf pmanageaent gcals. To a certain extent, tihe ef-
fort projections may become self £fulfilliing prcphecies.

They detz2rmine +he “ime allotad 4c <ke sof<ware project, and

13 Law-ence Pu<tnam, "A General Empirical Solutior *0 the
Macro Sof«ware Sizing and Estimatirg Problem", 1EEE
1zansacticps op sofivwars Engipeezing, Jury 1978, p 346.
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at the end of <ha<+ time, the project is declared 4d~7ne unless
it has t-uly major deficiencies.

Whatever mncdel is used fecr prejections in “he FASQC =znvi-
ronment, i%t should be kept in mind thet software erffcrt es-
~imation s nc*t an exact science by any aesans. The models
wrll have to te developed in an evclutionacy fashion and
Wwill hava tc ke geared +o FMSO's unigue situacion. Morce-
Over, as *echnciogy changes (assuming, fcc sxample, =hazt %th2
rzcemmenda*icn *¢ acguite 2 develcpaant =c3ls machine isg
“agen), Then it is =0 pe exgec<ed <hat it Wwill D2 neczssacy
<o change tne models used as w2ll. I+t wzll p-obably zake a

numder of vears *tc come up with a usefuyl aoiel.

-

FM4S0 shculd begin some grelimirary work on devzloping a
prcject plannirg and e2ffcrt sstimasion mdi2l. Scme of <h

w>-k has alreacdy heer done ir -ha+« <+her2 has peen 3aza ga<h-

]

ring done on <he time raqguired for prcizczs, 2ad “he fcrzs
used acs similar to those in uvse elsewhere. The nex* zZ=eg

lecz2d, =2 bzgia *2

O
Pl

will be o analyzes ths dz*ta ¢
some computer models cf effor« and then atzempt %o

“hese mecdels ¢n cn-going FMSO sof<ware jevelcpnmen=

(3 4
[
C
ja]
Q
th
[}

This worx npeed not wait ur+til %he acguisi

mant tools system. It could probably bz iznitizted

o

£ +he micrecs curiz2ntly in place at FMSO.
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